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ABSTRACT
Background and Purpose: Most rehabilitation interventions after total hip arthroplasty (THA) are not designed to 
return patients to high-levels of physical activity and, thus, low levels of physical activity and residual weakness are 
common. The purpose of this case series was to describe the feasibility and preliminary efficacy of an exercise and 
education intervention for patients after THA who have already completed formal outpatient physical therapy. 

Study Design: Case series

Case Description: Two participants underwent unilateral THA seven (case A) or eight (case B) months prior to the 
intervention. Individuals participated in 18 treatment sessions that included progressive aerobic and strengthening 
exercises and meetings with a health coach. Change in function, strength, and self-reported physical activity were 
measured. Outcomes 12 months after surgery were compared to a historical cohort of patients after THA.

Outcome: There were no adverse events during the intervention. At the end of the intervention, hip and knee 
strength on the surgical side increased approximately 30% compared to baseline in both cases. Activity level, and 
recreational performance, including walking up stairs and hiking uphill (case A), and running and golfing (case B), 
improved by the end of the intervention. Most changes were maintained at follow-up, although hip strength for case 
B decreased 27% after discharge from the intervention. Outcomes for both cases exceeded historical averages for 
patients 12 months after THA, with the exception of strength in case B.

Discussion: The exercise intervention was well tolerated and without negative effects in two participants. Both par-
ticipants increased their ability to complete demanding recreational and sports-related activities, physical activity, 
and demonstrated improved hip abductor and knee extensor strength. Further research is needed to evaluate the 
implementation and effectiveness of similar interventions after THA. 

Level of Evidence: Level 4
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BACKGROUND
The incidence of total hip arthroplasty (THA) has 
increased over the past 10 years.1,2 Although this 
procedure improves pain and patient-reported out-
comes,3 many individuals after THA exhibit impair-
ments and functional limitations when compared 
to older adults without joint pathology.4 This is par-
ticularly concerning as the demographic of patients 
who elect to undergo THA has been getting progres-
sively younger.5 Younger individuals may have higher 
functional and participation goals compared to older 
adults, which may require modification of current 
rehabilitation protocols to improve the likelihood of 
returning to recreational and vocational activities 
after THA.

Physical inactivity is one of the major public health 
problems of the 21st century.6 The health benefits 
obtained from physical activity surpass outcomes 
from pharmacological interventions by reducing the 
risk of death to a greater extent than medications.7 
Identifying strategies to improve physical activity is 
critical for patients’ health and well-being,8 as active 
lifestyle and participation in exercise improves 
health of individuals with many common chronic 
conditions.9 

Joint pain is a barrier to physical activity and exer-
cise before arthroplasty surgery.10 Most of the 
patients with lower extremity osteoarthritis do not 
meet the recommended level of physical activity.11,12 
Current physical therapy protocols post THA focus 
on resolving impairments and improving inde-
pendent mobility. Despite the resolution of pain 
and improved perception of abilities,13–15 negligible 
improvements in physical activity have been mea-
sured up to one year following THA,12,16 suggesting 
that most patients do not adopt an active lifestyle. 
After THA, physical activity may not change with-
out targeted intervention16 and evidence on reha-
bilitation protocols to improve physical activity and 
exercise participation is lacking.16 

Patients have to follow post-operative surgical precau-
tions to allow tissue healing and prevent the risk of 
dislocation up to 6 to 12 weeks after THA.17,18 These 
precautions may limit progressively increasing or 
intense strengthening and functional training. Fur-
thermore, although patients are typically not enrolled 

in formal interventions after the third post-surgical 
month, functional performance continues to improve, 
and reaches a plateau 12 months after surgery.4,19 
Therefore, targeting impairments that are related to 
functional performance, such as residual weakness 
and aerobic capacity, may optimize outcomes for 
patients after THA. Considering the current evidence, 
an intervention was developed that included aerobic 
and strengthening exercises, as well as educational 
components that targeted behavioral changes. This 
intervention was designed for patients at least three 
months following THA, who were already discharged 
from physical therapy. The goal of this intervention 
was to increase lower limb strength, increase physical 
activity, and improve functional outcomes after THA. 
The purpose of this case series was to describe the 
feasibility and preliminary efficacy of this exercise 
and education intervention for patients after THA 
who have already completed formal outpatient physi-
cal therapy. Outcomes of the individuals who partici-
pated in this intervention were also compared to a 
historical cohort of subjects who underwent THA, but 
did not receive any targeted exercise and behavioral 
intervention after THA. 

CASE DESCRIPTIONS
Participants were recruited from a larger longitudi-
nal study. To be included in the parent study, par-
ticipants had to be between the ages 40 and 70 and 
be scheduled for a unilateral THA. Participants were 
excluded from the parent study if they had: 1) neu-
rological, vascular or other lower extremity muscu-
loskeletal conditions that affected gait or functional 
performance, 2) uncontrolled hypertension, 3) self-
reported lack of sensation in the lower extremities, 
and 4) history of cancer in the lower extremity. Par-
ticipants included in this case series were recruited 
between three and nine months after THA. Because 
the intervention for the case series involved cardio-
vascular exercise, the participants met all the crite-
ria above, but also did not have: 1) history of chest 
pain, heart attack, or heart failure, 2) complications 
after THA, and 3) previous THA or a planned future 
contralateral THA. The testing and intervention 
procedures were approved by the Institution review 
board and participants gave informed consent before 
starting any component of the protocol. Both cases 
underwent anterolateral THA by the same surgeon. 
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Case A
A 62-year-old female was recruited seven months 
after THA. She underwent four acute care physical 
therapy sessions while hospitalized. After discharge, 
she was enrolled in 12 outpatient physical therapy 
sessions. She sustained a fall four months after the 
surgery and fractured her wrist, but her past medical 
history was otherwise non-significant. At the time of 
enrollment, the wrist cast was removed and she was 
cleared to return to activity.

Case B
A 62-year-old male was recruited eight months after 
THA. He underwent three acute care physical ther-
apy sessions while hospitalized. After discharge, he 
was enrolled in five home and 12 outpatient physical 
therapy sessions. The past medical history was non-
significant, although the baseline graded exercises 
testing session was terminated due to presence of 
ectopic heart beats in the resting electrocardiogram. 
After he obtained clearance from his cardiologist, he 
was able to complete the graded exercise testing and 
was enrolled in the intervention.

HISTORICAL LONGITUDINAL COHORT
Thirty-two participants enrolled in the longitudi-
nal parent study were included as historical cohort 
(THA approach: 11 anterolateral [34%], one direct 
lateral [3%], and 20 posterior [63%]). Physical ther-
apy treatment after THA was not standardized and 
participants attended physical therapy as prescribed 
by their treating orthopaedic surgeon. In this cohort, 
18 participants underwent a combination of home 
and outpatient physical therapy (56%); seven under-
went only outpatient physical therapy (22%); and 
four underwent only home physical therapy (13%). 
Information regarding post-THA physical therapy 
was not available for three participants (9%).

PROCEDURE
Participants in the longitudinal parent study 
attended two testing sessions (2-4 weeks before THA 
and 12 months after THA), while participants in the 
case series attended four testing sessions (2-4 weeks 
before THA, immediately prior to the intervention, 
at the end of the intervention, and 12 months after 
THA, Figure 1).

OUTCOME MEASURES – ALL PARTICIPANTS
Participants completed the Hip Outcome Survey 
(HOS),20 which includes six questions that ask patients 
to rate the impact of common symptoms on daily activ-
ities, and seven questions where patients are asked to 
rate their functional limitations during activities. Maxi-
mal score is 100%, which represents full hip function.

Hip abductor muscle strength was measured with the 
participant positioned in side lying with a non-elas-
tic strap positioned around their distal thigh at all of 
the testing time points.21 A hand-held dynamometer 
(Model 01165; Lafayette Instrument, Lafayette, IN) 
was positioned proximal to the lateral femoral con-
dyles and its position was held constant between trials 
to avoid changes in the resistance moment arm. Sub-
jects were asked to push into the strap (abduct their 
hip) as hard as possible. The maximal trial from three 
attempts was used as the maximal isometric contrac-
tion. This method has been shown to be valid and reli-
able in older adults.21 Strength values were recorded in 
Newtons and normalized to body mass (Kg).

Figure 1. Study time line for participants enrolled in the longi-
tudinal study and the current case series. Orange shaded rect-
angles represent evaluation timepoints that both groups 
attended. Blue shaded rectangles represent evaluation time-
points that only participants included in the case series attended.
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the arm crossed on their chest.29 Two force plates 
(Bertec Corp, Worthington, Ohio, USA) were used 
to collect ground reaction forces from the surgical 
and non-surgical leg. Signal was acquired at 1080Hz, 
and filtered with a low-pass Butterworth filter (cut-
off frequency 40Hz). Symmetry index was obtained 
by dividing the peak vertical ground reaction force 
of the surgical leg by the peak of the non-surgical leg 
(100% represents perfect symmetry).

INTERVENTION
The two case report subjects underwent a medi-
cal screening and a graded exercise stress test prior 
to enrollment in the intervention. If no absolute or 
relative risks were indicated in the initial health his-
tory questionnaire, participants underwent resting 
electrocardiogram and blood pressure testing. Once 
cleared, participants completed a graded exercise test-
ing according to the modified Bruce protocol.30 A car-
diologist reviewed the results of the graded exercise 
to determine eligibility for the exercise intervention.

The exercise intervention included 18 supervised ses-
sions over the course of six-weeks. Each session lasted 
one-hour and included two 15-minute aerobic compo-
nents, one 20-minute strengthening component, and 10 
total minutes for recovery and transfer between exer-
cises. This exercise construct has been successfully 
and safely implemented in the IDEA trial.31 Methods 
of aerobic and resistive weight training were tailored to 
each participant’s baseline status and goals, as described 
in the PSFS. With regard to the PSFS, Case A desired 
to improve walking (fast speed and hiking uphill) and 
stair climbing. Therefore, treadmill with change in incli-
nation and elliptical machine were used as preferred 
methods for aerobic training. Strengthening exercises 
included stepping activity (progressed with the addition 
of weight) and balance exercises on different surface to 
prepare walking on uneven surfaces. Case B desired to 
improve running and golfing. During treadmill training, 
speed increase was used to reach the targeted heart rate. 
After three weeks of conventional strength exercises 
(hip abductors set, shuffle gait, leg press, etc.), golf spe-
cific exercises were added (golf swing movements with 
exercise balls of differing weights). Case B performed 
simulated golf putting on different destabilizing sur-
faces and rocker boards. During these exercises, he was 
required to putt a golf ball into a cup to add an additional 
layer of complexity (Table 1).

Maximal voluntary isometric strength for the quad-
riceps muscle was measured using an electrome-
chanical dynamometer (Kin-Com, Chattex Inc., 
Chattanoga, TN, USA).22 Participants were seated 
with the knee at 75° of flexion. After warm up con-
tractions, three maximal contractions were per-
formed with one minute of rest between repetitions. 
Force data were recorded in Newtons using a force 
transducer located at the distal anterior tibia two 
centimeters proximal to the lateral malleolus and 
were normalized to body mass (Kg).

Participants performed the Timed Up and Go (TUG), 
the timed Stair Climbing Test (SCT), and the Six-Min-
ute Walk tests (6MW). For the TUG, participants stood 
up from a chair without using the armrests, moved as 
fast as possible for three meters, turned around, and 
returned back to sit on the chair.23 For the SCT, partici-
pants ascended and descended a set of 12 steps (15cm 
rise, 20cm run) “as fast as possible while still being safe”. 
If needed, participants were allowed to use one hand-
rail, but were not allowed to skip steps.24 For the 6MW, 
participants walked as far as they could for six minutes 
along a 115 m square hallway. Participants were allowed 
to rest, if needed, but time was not stopped during rest.25 

OUTCOME MEASURES – CASE SERIES ONLY
Participants in the case series completed the Fatigue 
Severity Score (FSS), the International Physical Activ-
ity Questionnaire short form (I-PAQ), and Patient Spe-
cific Functional Scale (PSFS). The FSS26 is a nine item 
questionnaire that measure the severity of fatigue and 
its effect on participants activity and lifestyle. The maxi-
mum score is 63, which indicates the highest level of 
fatigue. The I-PAQ-short version27 asks participants to 
report the amount of days and time over the previous 
week that they spent sitting, walking, and doing vigor-
ous and moderate activities. The metabolic equivalent 
(MET) energy expenditure over the week was calcu-
lated based on the participants’ answers. The PSFS28 asks 
patients to identify activities that are unable to complete 
due to their current injury. Participants are then asked 
to rate their level of impairment from “0, unable to per-
form” to “10, able to perform activity at the same level as 
before injury”. The minimum detectible change at the 
90% confidence interval for a single activity is 3-points.28 

Leg loading during sit to stand was measured by ask-
ing participants to stand up from a piano stool with 
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Table 1. Exercise intervention description according to the Consensus on Exercise Reporting



The International Journal of Sports Physical Therapy | Volume 12, Number 2 | April 2017 | Page 263

The parent longitudinal study group was stratified 
by sex to allow comparison between cases. Relative 
and percentage difference scores were calculated 
between the two participants in the case series and 
averages from the historical cohort 12 months after 
THA for HOS score, performance of TUG, SCT, and 
6MW, and quadriceps and hip abductors strength 
from the surgical side. Pre-operative demographic 
characteristics of the two cases and the historical 
sample are reported in Table 2.

OUTCOMES

Feasibility analysis
Both patients completed all exercise sessions. The 
exercise logs for the first, ninth, and eighteenth ses-
sions are given in appendix A (case A) and appendix 
B (case B) as a representation of the content and pro-
gression of exercises. Case A reported one episode of 
severe hip pain on the operated side that developed 
after the eighth exercise session (Appendix C). How-
ever, the patient did not report hip pain immediately 
prior to or after the ninth session. Case A reported 
low back pain at the beginning of most exercise ses-
sions; however, the pain decreased or did not change 
at the end of each session. Case B reported low-level 
pain in the surgical hip after the first two exercise 
sessions, but this pain did not persist (Appendix D).

INTERVENTION EFFECT

Case A
Compared to baseline, there was a 14% improvement 
of HOS score by the end of the intervention, which 
was maintained 12 months after THA (Table 3).
Hip abductor and quadriceps strength on the oper-
ated side increased approximately 30% from base-
line and quadriceps strength was symmetrical 
between legs (symmetry index [surgical/non-surgi-
cal] = 0.96). Between the end of the intervention 
and between the end of the intervention and the 
twelfth month after THA, hip and knee strength 
increase 28 and 13%, respectively. Despite the 
improvement in strength and HOS, there were no 
substantial changes in performance-based measures 
of function (TUG, SCT, and 6MW).

At the end of the intervention, the FSS score 
improved 22% compared to baseline. The I-PAQ 
score increased to 12558 MET/week from 2838 

For aerobic exercises, a heart rate monitor was used 
to confirm that exercise intensity ranged between 
65–80% of the predicted heart rate maximum. The 
starting intensity and progression of the interven-
tion components were dependent on the individu-
al’s tolerance to each exercise session and according 
to a pain-monitoring model.32 Low back and lower 
extremity joint pain was recorded before each exer-
cise session (verbal analog scale: 0, no pain; 10, 
worst pain imaginable), and appearance of severe 
pain, swelling, and tenderness after the previous 
exercise session (yes/no question). At the end of the 
session, participants were asked to rate their current 
level of pain in the low back and lower extremity 
joints. These data were then used for the feasibility 
analysis.

Participants met with a health coach during the 
first week of the exercise intervention. This meet-
ing focused on awareness of healthy eating habits, 
identifying barriers to participation, setting per-
sonal health goals, and identifying strategies to stay 
engaged in the program. These behavioral interven-
tion components have been shown to change sed-
entary behaviors in older adults.33 The health coach 
followed-up weekly through phone calls to review 
exercise participation, answer questions, set new 
goals, and provide further information on possible 
lifestyle adjustments to promote active lifestyle. An 
activity monitor (FitBit Zip, FitBit, San Francisco, 
CA) was given to participants to provide feedback 
information of their activity. A custom question-
naire was used to measure each participants experi-
ence with the health coach. Participants were asked 
to rank their overall experience with the health 
coach (very positive, somewhat positive, neither 
positive or negative, somewhat negative, very nega-
tive), the likelihood of meeting with a health coach 
at the end of the study, and whether they would rec-
ommend others to meet with a health coach (very 
true, mostly true, somewhat true, not true at all). 

DATA ANALYSIS
For the two cases, changes for each outcome were 
described as a percentage increase or decrease 
between: 1) baseline testing (just prior to exercise 
intervention) and the end of the intervention; and 
2) end of the intervention and third month follow-up 
(12 months after THA).
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tests of function, but hip abductor and knee strength 
on the operated side improved 22 and 31%, respec-
tively. Despite the improvement during the course 
of the exercise intervention, hip and knee strength 
decreased 27% and 8% by the 12 months after THA 
follow up compared to the end of the intervention. 
There were no substantial changes in performance-
based measures of function (TUG, SCT, and 6MW) 
during the intervention time frame.

The FSS score improved 47% compared to base-
line, and he had substantial improvements in the 
I-PAQ, which increased to 4759.5 MET/week from 
891 MET/week. The participant reported improve-
ment in the PSFS, which reached a level of 9 for 
golfing and 7 for running. Improvements in the FSS, 
I-PAQ, and PSFS were maintained 12 months after 
THA.

Case B had better performance in the TUG, SCT, and 
6MW tests compared to average male scores (Table 
4) both before and 12 months after THA. Despite 

Table 2. Preoperative characteristics of the two participants recruited for the current study compared with the 
female and male participants of the parent longitudinal study

MET/week at baseline and the PSFS reached a 
score of 10 (maximum score) for all activities. These 
results were maintained 12 months after THA. 
Symmetry index for vertical ground reaction 
force increased 14% at the end of the intervention 
(Figure 2).

Before THA, Case A had lower score on the HOS, 
worse performance in the 6MW, and lower hip 
adductor and quadriceps strength compared to the 
average female patients in the longitudinal parent 
study (Table 2). When these outcomes were evalu-
ated at the 12-month follow-up, she outperformed 
the average female patients in the longitudinal par-
ent study (Table 4). Case A rated her overall experi-
ence with the health coach as “somewhat positive”, 
but reported that she would not continue to meet 
with a health coach after the study.

Case B
At the end of the intervention, there were no 
improvements in HOS score and performance-based 
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better performance on these tests, his quadriceps 
and hip abductor strength were lower compared 
to the average male participant. Case B presented 
with symmetrical ground reaction force at baseline 
and no changes were measured after the interven-
tion (Figure 2). Case B rated his experience with the 
health coach as “very positive” and would be likely 
to recommend that others meet with a health coach.

DISCUSSION
Reductions in joint pain and high satisfaction rates 
after THA often overshadow the persistent post-
surgical impairments, such as muscle weakness and 
reduced levels of physical activity. Although these 
may be considered incidental impairments, they 
can have a substantial impact on patients’ quality of 
life, particularly in young and active patients. The 
results of this case series suggest that impairments, 
such as weakness and reduced physical activity, can 
be improved with targeted interventions, even late in 

Table 3. Patient-reported outcome, impairment-based, and performance-based measures for Case A and Case B assessed before 
and after the intervention, and at the third-month follow-up. Percentage change between the time points is also calculated

Figure 2. Vertical ground reaction force symmetry index for 
Case A (black line and squares) and Case B (red line and circles) 
at baseline, end intervention and 3-months follow-up t evalua-
tion timepoints. Symmetry index is calculated by dividing the 
value of the operated leg with the value of the non-operated leg, 
and 100% represent perfect symmetry.
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study, Case B had 76% and 14% weaker hip abduc-
tor and quadriceps strength 12-months post THA. 
It is possible that strength gains in this individual 
were limited by tissue damage associated with the 
anterolateral surgical approach,34 or intraoperative 
considerations like insufficient femoral offset.35 In 
retrospect, Case B may have benefited from a longer 
duration program or continuation with an indepen-
dent regimen after discharge from the intervention. 
However, currently there are no prognostics indica-
tors to identify participants who will benefit from 
longer care or independent exercise regimens.

Both cases demonstrated changes in the PSFS that 
exceeded the minimal detectable change.28 Using 
exercises that target patient-specific goals may 
improve patient engagement, provide changes that 
are meaningful to the patient, and foster changes 
in overall physical activity. Although both individu-
als in this case series performed well on the com-
mon performance measures, they reported low 
levels of physical activity compared to previously 
reported data in patients after THA (approximately 
3000met/week).36 Both individuals demonstrated 
large improvements in self-reported activity lev-
els at the end of the intervention, which were 

the recovery phase. The intervention was feasible in 
a clinical setting and showed an increased strength 
and functional abilities in two subjects without pro-
longed exacerbation of symptoms. Pain in the surgi-
cal hip at the end of a session was reported a total of 
three times, was limited to minimal pain, and may 
have been related to the beginning of an exercise 
routine or higher level of exercises. Assessing pain 
and potential exercise adverse effects may help cli-
nician tailoring session that promote gains, while 
limiting patients’ discomfort.32 

At the end of the intervention, muscle strength on 
the operated side improved on average 25% for the 
hip abductors and 33% for the knee extensor. Case A 
strength exceeded pre-operative values for both the 
hip abductor and quadriceps muscles. Case A dem-
onstrated symmetrical quadriceps strength, which 
was maintained 12 months after THA. When com-
pared to female subjects in the longitudinal study, 
Case A had 53 and 43% greater hip abductor and 
quadriceps strength 12-months post THA. Case 
B demonstrated strength gains during the inter-
vention, but was not able to achieve pre-operative 
levels and strength decreased at the 3-month follow-
up. Compared to male subjects in the longitudinal 

Table 4. Patient reported outcome, performance-based, and strength measure of the two participants recruited for 
the current study and the female (N = 16) and male (N = 16) participants of the parent longitudinal study at the 
12-month follow up visit
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LIMITATIONS
The absence of a direct measure of physical activ-
ity (i.e., using an activity monitor) is considered 
a limitation of this study because patients post-
arthroplasty tend to overestimate their self-reported 
activity level.12 Inherent limitation of this type of 
case-series include the lack of generalizability of the 
results, although the comparison with an histori-
cal cohort gives an interesting perspective on the 
changes promoted by the intervention. 

CONCLUSION
 The exercise intervention protocol used in this 
case series improved leg strength, weekly physical 
activity, and the ability to perform demanding rec-
reational and sport participation, without produc-
ing adverse effects. These improvements occurred 
even though patients in this case series scored well 
on common performance tests, such as TUG, SCT, 
and 6MW. This intervention is a novel approach that 
could potentially increase activity levels and restore 
recreational participation in patients after THA.
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Appendix A. Exercise Log for Sessions One, Nine and Eighteen for Case A
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Appendix B. Exercise Log for Sessions One, Nine and Eighteen for Case B
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Appendix c. Appendix C. Case A self-reported severe joint pain, swelling, tenderness, developed the day after each 
exercise session; and verbal analog scale (VAS) for pain before and after each exercise session

Appendix D. Case B self-reported severe joint pain, swelling, tenderness, developed the day after each exercise session; 
and verbal analog scale (VAS) for pain before and after each exercise session


